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ABSTRACT: In this paper, the novel application of organic/inorganic perovskite hybrid materials is 
proposed for grid-connected Photo-voltaic (PV) cells. The perovskite hybrid cells attracted a lot of 
interest due to their potential in combining advantages of both components. Looking to the future, 
there is no doubt that these new generations of hybrid materials, born from the very fruitful activities 
in this research field, will open a land of promising applications in many areas such as solar cells and 
fuel. In other view due to world energy requirements, the integration of solar energy will diminish the 
consumption rate of non- renewable energies and also dependency of fuel cells. The PV cells are 
utilized the sun energy and generate the DC power where the converters are utilized for boosting the 
low output voltage of PV cells and converting the DC to AC grid voltage respectively. The Maximum 
Power Point Tracking (MPPT) method based on Perturb and Observe (P & O) algorithm is used to 
operate the PV cell in point of maximum power. The three-phase current source inverter (CSI) as a 
DC/AC converter is utilized for grid connection of PV. The simulation by MATLAB/SIMULINK is done to 
show the effectiveness of the proposed method.
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In recent years, the rapid increasing of world energy 
consumption is become an important issue, and 20% 
more gain in growing of energy utilization is predicted 
by 2040 [1-3]. Due to the effects in emissions of green-
house gas, acid rain, and air pollutions, the growth of 
renewable energy, including wind, water, and solar 
energies, has become a crucial concern. By a simple 
checking in renewable energy resources, the solar en-
ergy is promising candidate. The life expectancy, low 
maintenance costs and statics are the main advantages 

of PV systems. Extracting the maximum power from 
the PV array is a big issue in which various MPPT 
methods are introduced [4-7]. The various types of PV 
cells have been developed and tested and among the 
numbers of techniques, the photon to electricity con-
version has been attempted over the years and the use 
of semiconducting materials has been the most suc-
cessful. The PV materials such as inorganic semicon-
ductor nanoparticles, silicon, organic dyes, conducting 
polymers, and also combinations have already been at-
tempted. In the last decades hybrid materials were ex-
panded a lot by realizing economic applications. Multi-
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ple-functional materials can be made by designing the 
properties of hybridization in organic and inorganic 
materials [5], [8-10]. Although the silicon PVs like 
crystalline-Si (c-Si) dominate more than 90% of solar 
panel market, the novel emerged photovoltaic tech-
nologies like dye sensitized solar cells (DSSCs) which 
will be evaluated by oxides and mixed oxides semi-
conductors, organic solar cells (OSCs), and perovskite 
solar cells (PeSCs) have gained more attention due 
their good properties, such as low-cost, light weight, 
low fabrication temperatures, and mechanical flexibil-
ity. There is no doubt that, every type of these new 
materials has their advantages/disadvantages. The op-
timizations in component structures, conditions of de-
position, and composite manipulation are the factors 
which made the progress in PeSC efficiencies [11-15]. 
The power conversion efficiencies (PCEs) of certifi-
cated PCEs of DSSCs, OSCs, and PeSCs are about 
11.9%, 11.5%, and 23.3%, respectively, according to 
the recent report from the National Renewable Ener-
gy Laboratory (NREL). The PCEs of new topologies 
cannot reach conventional types, however these tech-
nologies displaying unique properties and there is no 
doubt for their utilization in near further [12–14]. Due 
to increasing interest in grid connected PV systems, 
the operation of PV application which utilized new 
hybrid materials are gained a lot of attention. The ad-
vantages of novel materials like lower weight could be 

an important issue in connecting several PV modules 
in series and parallel to have the appropriate DC volt-
age levels and enough power to the central inverter in 
lower cost. The AC/DC converter in series with DC/
DC boost converter is utilized for PV cells connection 
to grid in which the DC/DC converter match the level 
of the grid voltage without the need for an additional 
conversion stage [16]- [18]. 

In this paper, the application of hybrid perovskite 
materials in grid- connected photo-voltaic cells is 
presented. In section II, the Organic/Inorganic, and 
hybrid materials in PV cells are described and the 
nonlinear characteristic and electrical model of PV 
is presented in section III. The structure of grid/load 
connected system is presented in section IV. In section 
V, the simulation results are investigated and finally 
conclusion is presented.

The organic/inorganic and hybrid materials in PV 
cells
Organic and inorganic materials
The properties of inorganic materials such as metals, 
ceramics and organic compounds like polymers could 
be investigated by their applications. Table 1, listed 
some of general properties of conventional organic/ 
inorganic materials. In case of organic conducting 
polymers, the different chemical structures such as 
possessing promising properties, like simple process-
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Properties Organics (polymers) Inorganics (SiO2, TMO)

The nature of bonds
 covalent [C – C] (+ weaker van der waals or H

bonding)
 ionic or iono-covalent

Tg (glass transition) Low-2100 uC to 200 uC High-200 uC

Thermal stability Low-350 uC, except polyimides, 450 uC High-100 uC

Density 0.9 to 1.2 2.0 to 4.0

Refractive index 1.2 to 1.6 1.15 to 2.7

Mechanical properties

elasticity

plasticity

rubbery (depend on Tg)

hardness

strength

fragility

Electronic properties
insulating for conductive

redox properties

insulating to semiconductors (SiO2, TMO)

redox properties(TMO)

magnetic properties

Table 1.  The properties of conventional organic and inorganic components
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ing, possible recyclability, comparatively lower cost, 
similar applicability and scalability like sustainable 
materials are obtained. In the other side for inorganic 
semiconductors, having preferable electronic prop-
erties, as an example a high dielectric constant, and 
thermal stability, photo-conducting and luminescent 
properties. To have the advantage of both organic/
inorganic materials, hybrid nano composites of inor-
ganic semiconductors and conducting polymers are of 
great interest, particularly as candidates for the ma-
terials of PV cell, in which the composed absorption 
band of both materials could harvest sun light in better 
manner [2-5]. 

Hybrid materials
Until now, many studies are performed to find the good 
composition of inorganic/organic components and op-
timum hybrid architectures have been proposed. How-
ever, the PCE still has not caught up to the good level 
and we believe there is room to improve the hybrid 
organic/inorganic photovoltaic materials. The hybrid 
materials can show better properties in compare with 
other materials. The inorganic materials can perform 
multiple roles such as increasing mechanic and ther-
mic stability, preparing available poriferous network 
for sensing, or contributing special magnetic, electric, 
electro-chemical or chemical properties. The organic 
materials greatly expand range of matrices accessible 
for synthetic chemists. These materials can propose 
some chances for modifying the mechanical proper-
ties providing manufacturing of films and fibers, to 
get different geometric structures by simple casting 
for unified optics, for controlling networks porosity 
and connectivity, and for adjusting the balance hydro-
philic/hydrophobic character. The advantage of hybrid 
PVs in compare with organics are their higher carrier 

mobility and less absorbing in longer wave-lengths. 
On the other side, the existed organic materials in hy-
brid solar cells, made the superior performance versus 
conventional semiconducting PVs in view of cost, ef-
ficiency, lightweight, and malleability. In addition, the 
development of new semiconducting nanostructures 
in composition by organic nano-materials as an ex-
ample fullerenes and carbon nanotubes (CNTs) opens 
novel chances to prevail 10% barrier of conversion ef-
ficiency for hybrid solar cells in near future. 

The different types of hybrid PVs depending on 
utilized organic and inorganic materials and the mor-
phology of devices are illustrated in Fig. 1. The hybrid 
solar cells based on Group IV (Si) and Group III-V 
(mostly GaAs) semiconductors forming the hetero-
junction by different organic components are shown 
in middle column and for general purposes, other 
types of hybrid PVs are also described. The DSSCs [9, 
11] is perhaps the most well checked hybrid solar cells 
which is combined of nanoporous metal oxide (usu-
ally TiO2) infiltrated by sensitized dye molecules (ru-
thenium based “N3” dye) and liquid electrolyte. The 
next class of hybrid PVs as shown in Fig. 1 is identical 
to DSSC due to the similar nanoporous metal-oxide 
inorganic matrixes as an example for TiO2 and ZnO2 
combined in architecture of device. The perovskite 
component is also embedded between mesoporous 
TiO2 layer, which is permeated by the perovskite, and 
a high-work-function hole-transporting layer (HTL). 
The PeSCs not only exhibit very high PCEs under 
normal sun illumination conditions but also behave 
outstandingly under dim-light illumination [7-12].

Nonlinear specification and the electrical model of 
hybrid PV cells 
There are different equivalent circuit model for the 

Fig. 1. The classification of hybrid solar cells.
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organic, DSSC and perovskite solar cell which are 
mathematically modelled based on electrical charac-
teristics and illustrated in Fig. 2. The equivalent cir-
cuit model of perovskite PV cell is illustrated in Fig. 
1c. This model is the most popular model to represent 
a PV module. The current source as a PV photo cur-
rent (Ipv) is employed in parallel with a diode, with 

parallel and series resistor where the system output is 
directly affected by solar irradiance and temperature 
[2]. The list for PV cell circuitry elements and their 
physical effects are listed in Table 2. The surface re-
combination and trapping effects are mostly provided 
in photocurrent generating process. The series resis-
tance (RS) presents ohmic dropping of voltage at con-
tacts and through the layers of various materials. So 
RS value can change under diverse illuminations and 
types of cells. The RS decrease the short-circuit cur-
rent but it has no effect on open circuit voltage. The 
RS parameter becomes more important when the irra-
diance and cell temperatures values are more different 
than their reference value [5-7]. The shunt resistance 
(RSh) is theoretically very high which is due to the re-
verse saturation current of the active junction. In real 
solar cells there are some partial shorts of the junctions 
due to the formation of pinholes and metal filling of 
these pinholes reaching to the junction. There is no ef-
fect of RSh on short-circuit current, but it diminish the 
open-circuit voltage. The effect of RS and RSh on the 
I-V graph of perovskite PV cell is illustrated in Fig. 3 
and Fig. 4 respectively. There are several methods for 
finding the appropriate value for RS which shows the 
effect of the internal resistance and the contacts of the 
cell. It is more convenient to write the electrical equa-
tion of PC cell as:

(1)

where, 
I¢s: Short-circuit current when there are no parasitic 

Novel application of hybrid Perovskite materials in grid- ...
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Fig. 2. The equivalent circuit of solar cells. (a) Organic PV 
cells. (b) DSSC PV cells. (c) Perovskite PV cells.

(b)

(a)

Circuit Element Effect Application

Current source The excitation of electron by photons All cells

Ideal diode Current diffusion from base and emmiter All cells

Series resistor The  resiatance of layer and contacts MPPT, Power loss analysis

Parallel resistor Modelling of recombinaion Fault diagnosis analysis

Capacitors Cell-layers capacitances Dye sensitized cells

Double diode Generation of junction space-charge region Polycrystalline cells

Avalanche current source Reverse bias in shading Partial shading condition (PSC)

Embedded in photocurrent Surface recombination and carrier trapping All cells

Table 2. The circuit elements, their effects, and applications
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resistances,
I0: Reverse saturation current,
k: Boltzmann’s constant (1.381×10-23 J/K),
T: Kelvin temperature
q: Unit charge
In short circuit condition, (1) becomes,

(2)

And by considering open circuit condition, due to 
have zero I¢s, the open circuit voltage (Voc) could be 
write by,

(3)

By combining (2) and (3),

(4)

(5)

where the plot of Isc versus log(I0e
qV¥/m0kT-Isc) will uti-

lize to extract the Rs in (4) and Rsh can be determined 
by the slope of line given by plotting Voc versus Isc-
I0e

qV¥/m0kT.
The cell Voc is given by related equation based on 
perovskite PV cell energy band gap as:

(6)

where,
Eg : band-gap energy, 
n : the electron density,  
Iomax: maximum reverse saturation current.

The band gap (Eg) of the perovskite material can be 
continuously tuned from around 1.6 to 2.3 eV. Also 
if Sn compositions are included, it can be decreased 
down to ~1.2 eV. This particular aspect of perovskites 
makes them especially attractive for multifunc-
tion or tandem solar cells. For a good solar, the se-
ries and shunt resistances should be very small and 
large respectively [10-12]. For commercial solar cells, 
the parallel resistance is much bigger than the for-
ward resistance of a diode. As a design example, the 
perovskite material with Eg equal 1.56 ev is selected 
for PV cell and by utilizing 4-6, the parameter values 
are calculated which are listed in Table 3.

Structure of the Grid/Load connected PV system
In this section the structure of grid/load connected PV 
systems is explained in which the PV cell is utilized 
a DC/DC boost converter plus DC/AC converter to 
generate the appropriate AC voltage level for grid 
connection. Fig. 5 illustrates the block diagram of the 
proposed system. It includes a MPPT method to oper-
ate the PV cell in its maximum power point and next 
the DC/DC boost converter is used to boost the PV 

Fig. 3.  The effect of series resistance on the perovskite cell 
I-V graph by assuming Rsh size is infinite.

Fig. 4 . The effect of shunt resistance on the perovskite cell 
I-V graph by assuming Rs size is zero.
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output voltage to the appropriate DC voltage level to 
connect DC/AC power converter. Finally the DC/AC 
converter is utilized to convert the DC to AC which 
could be connected to grid or load. Each converter has 
the control algorithms, considering the role of prepar-
ing maximum power to the grid or loads. The first 
converter is a boost DC/DC that is used to track the 
maximum electrical energy generated by the PV array, 
for various irradiance and temperature values, utiliz-
ing basic MPPT algorithm type Perturb and Observe 
(P&O) [19-22]. The second converter is a three-phase 
current source converter inverter (CSI) which is con-
nected to the AC side by means of LC filter. The LC 
filter is placed in AC side and having the role of sup-
pressing the PWM harmonic distortion and providing 
good stability in terms of amplitude and frequency 
in various values of resistive loads or grid currents. 
Therefore there are three main sections of PV con-
nection to AC load or grid. (a) PV array and utilized 
P&O MPPT algorithm, (b) DC/DC Boost converter, 
(c) Three-phase CSI DC/AC converter. 

PV Array and P&O MPPT Algorithm
Due to low output rated power of the perovskite PV 
cells which is varies between 1 and 2 W and the grid 
requirements in  generating higher voltage and cur-
rent levels, the designers are encouraged to utilize se-
ries and parallel connections of PV cells to ensure the 
desired level of output voltage and power by PV ar-
ray [3]. Therefore utilizing photovoltaic panels which 
uses the several parallel and series connections of PV 
cells is the appropriate way in every kind of PV cells, 
every perovskite PV array is constructed by series and 
parallel connections of many PV cells. The series con-
nection of modules named string. It is clear that, the 

number of modules and PV cells inside of them are 
important in determining the PV peak current. Also 
there will be some problems like hot-spot in which 
the protections of module against hot-spot can be done 
by utilizing bypass diodes in parallel connection with 
each module and the possibility of potential difference 
phenomena between series connected strings is solved 
by adding a blocking diode in series with each string.
The PV array configuration is illustrated in Fig. 6a 
where several PV cells are connected in series and 
parallel. In addition, higher power levels installations 

Fig. 5. The block diagram of proposed grid-connected PV cells 

(b)

Fig. 6. The PV array. (a) configuration. (b) The various pan-
els connections.

(a)

P. Alemi
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could be made by series and parallel connections of 
panels. So it is mandatory to have series and parallel 
connections of panels in various configurations which 
are identified for PV arrays and inverters to generate 
a power for grid connection in Fig. 6b. The current 
versus voltage (I-V) and power versus voltage (P-V) 
curves associated with the specific PV array is utilized 
in various values of solar irradiance and fixed tem-
perature (Fig. 7).

It is clear that, even though the PV array is produced 
various power values in each specific atmospheric sta-
tus depending on the solar irradiance level and tem-
perature, there is only one point of power that is con-
sidered as the maximum power point (MPP). There 
is one MPP for each curve, considering the shading 
is negligible and in case there will be a shading ef-
fect, the partial shading MPPT methods are proposed 
[18-19]. The PV array should generate the maximum 
power by utilizing the specific approach to track this 
maximum power which is generally named maximum 

power point tracking (MPPT) method. In this work, 
the P&O MPPT algorithm is applied for PV array volt-
age, in which a little perturbation is stated and pertur-
bation causes the solar module power to alter in con-
tinues condition. This MPPT algorithm is illustrated 
in Fig. 8 where in case of power enhancing because of 
perturbation, the perturbation is continued in similar 
direction. The power at next instant diminished after 
reaching the peak power, and after that perturbation is 
reversed. By reaching the steady-state condition, the 
algorithm oscillates around peak spot. The size of per-
turbation is kept very small to have low power varia-
tion [18].

DC/DC Boost converter
In the presented PV system, the second block after PV 
array is a DC/DC boost converter (Fig. 9) for step-
ping up the PV array output voltage to have appro-
priate condition for input DC voltage of AC/DC con-
verter and also catching MPP in various atmospheric 
conditions. The DC/DC boost converter is a class of 
switched-mode power supply (SMPS) comprising two 
semiconductors (a diode and a transistor) and one en-
ergy storage element such as capacitor, inductor, or 
the composition at least. For voltage ripple reduction, 
the capacitor filter or its combination with inductor is 
added to converter's output- and input-side.

(b)

Fig. 7. The perovskite solar cells characteristics by different 
values of sun irradiance in the fixed temperature (T = 25 °C). 
(a) P-V graph. (b) I-V graph.

(a)

Fig. 8. The P&O MPPT algorithm.

Fig. 9. The DC/DC Boost converter.
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Three-phase CSI converter
The Three-phase grid-connected CSI with the pro-
posed control algorithm is illustrated in Fig. 10. By 
using IGBTs in CSI structure, the reverse blocking 
capability can be obtained by utilizing series diodes 
which yields relatively high semiconductor conduction 
power losses. Another alternative is the reverse block-
ing IGBT (RB-IGBT). The proposed MPPT algorithm 
which is used to operate the PV in MPPT point, pro-
vide the reference DC voltage for DC voltage control-
ler. The output of voltage controller provide the cur-
rent reference and the AC-side current controllers are 
designed in the dq-reference frame and responsible to 
generate the voltage reference in dq-reference frame. 
The converter operated by SVPWM method which is 
responsible to generate the gating signals of CSI by 
utilizing the generated reference voltage by current 
controllers. To suppress the PWM switching harmon-
ics of CSI, the LC filter before connecting the grid and 
the DC filter inductor in DC-side of converter is pro-
vided. The filter parameters are designed based on the 
designed rule in the switching frequency of converter 
[22-26].

Simulation results
To evaluate the performance of the proposed method, 
the simulation has been carried out for the grid- con-
nected PV system under the condition listed in Table 

4. The 1 MW power range is decided to operate CSI 
and the 600V, 1600A RB-IGBT devices are used in se-
lected topology. By considering the 1000V DC- volt-
age, the input AC voltage of CSI could be set to 816 
Vrms where we don’t need to have a lower AC lines in 
compare with VSI and the PWM switching frequency 
is designed in 3 KHz which could meed the design 
requirements.

The filter parameters have been designed based on 
the procedure for AC- and DC- filter design. By per-
forming the designed MPPT method and finding the 
reference DC voltage as 1000V the voltage control 
has been done and the converter q-axis current ref-
erence is produced as output of DC-voltage control. 
The q-and –d axis current control is done by PI cur-
rent controllers for CSI operation. The system control 
block diagram is illustrated in Fig. 11, where the out-
put of proposed MPPT is used for controlling the DC 
voltage by which the output of voltage controller is 
used as an input of current controller. The outputs of 
current controllers are used for generating the gaiting 
signals in CSI. The simulation results for PV system in 

Parameters of PWM Inverter Filter Parameters

Power rating 1 MW
Output AC filter

L       0.057 p.u

Input AC voltage 816 Vrms/50 Hz C      0.062 p.u

DC-link voltage 1000 V Input DC inductor 0.038 p.u

Switching frequency 3 kHz DC-link capacitance 0.02 u

Table 4. Simulation parameters for CSI and filter

Fig. 10. Three-phase CSI grid connected PV.

Fig. 11.  PV System Control block diagram.

Novel application of hybrid Perovskite materials in grid- ...
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case maximum power point is in the beginning points 
of graph are illustrated in Fig. 12 where the presented 
MPPT algorithm could detect the MPP.

In Fig. 13, the PV operation is illustrated. By detect-
ing the maximum power, the q-axis current is assumed 
as an active component and decreases by reducing the 
irradiance level to half and the d-axis current is kept 
at zero for achieving unity power factor operation. It 
is seen that the grid current follows well its reference 
when the current reference is changed. It is known by 
PV curve that, the dc voltage variation which is just 
about 20 V is much lower than the current changes 

which is decreasing about 500 A by reducing the ir-
radiance level to half. In Fig. 14, the system operation 
is presented where the active power and three-phase 
currents are changed by irradiance and reactive power 
is kept zero to meet unity power factor operation con-
dition. The three-phase currents total harmonic distor-
tion (THD) is 2.87% which is acceptable based of IEC 
standard.

CONCLUSIONS

In this paper, the novel application of perovskite hy-
brid materials in PV cells, their advantages and utili-
zation in connection with grid has been proposed. The 
non-linear specification of perovskite materials and 
the electrical model and the parameters of these new 
materials are presented. The appropriate values are 
calculated for series and shunt resistance of PV cells 
based on short circuit current and open circuit volt-
age in selected band-gap energy and reverse satura-
tion current and finally the electrical model of PV cells 
are provided. Next, the structure of grid-connected PV 
cells utilizing perovskite materials and utilized MPPT 
method based on P & O algorithm, the DC/DC con-
verter for boosting the DC output of PV cells, and the 
DC/AC CSI converter for converting the DC outputs 
of DC/DC boost converter to AC voltage are present-

Fig. 12. Simulation results for PV system under PSC in case 
GMPP is in first point.

Fig. 13. Simulation results for controller performance.

Fig. 14. Simulation results for system operation.
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ed. The simulation results by MATLAB/SIMULINK 
illustrated the good detection of maximum power 
point by MPPT method and appropriate grid current 
and voltage control even in transient condition.
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